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Introduction
Combined exposure to chromium, nickel and cobalt occurs in many occupations as dental laboratory technicians, electroplating workers and welders (Park et al., 2004; Winder and Stacey, 2004) . Exposure to these metals occurs via inhalation, ingestion or skin contact, from which the most common occupational route is inhalation. (Lide 1998; Wise et al., 2004) . Dental laboratory technicians whom are the main concern in our study are exposed to chromium, nickel and cobalt metal alloys during casting, finishing and polishing of dental prosthesis (e.g. bridges, crowns, partial and complete dentures) and also to small amount of molybdenum, silica beryllium, boron and carbon. (Leghissa et al., 1994) . ( Sherson et al., 1990 ).
Studies on the genotoxic effects of combined exposure of metals show much
Results and discussion: The levels of chromium, nickel and cobalt in serum were statistically significantly higher in exposed workers than in controls. There was a statistically significant increase of frequency of chromosomal breaks in exposed group than in controls after bleomycin stimulation and 11 of the exposed had chromosomal breaks >35%, while non of the controls exceeded this percentage. The use of personal protective equipments decreased the serum metal levels and this decrease was statistically significant in chromium and nickel. There was statistically significant positive correlation between serum chromium level and frequency of chromosomal breaks. The mean of the frequency of chromosomal breaks increased with age and longer duration of exposure but this increase was not statistically significant. No statistically significant correlation was found between smoking habit and the frequency of chromosomal breaks.
Four out of six exposed females (about 66%) included in the study suffered from repeated abortions, still births and small sized fetuses and that they couldn't get pregnant except after a long vacation for at least 1 year. This indicates that Cr, Ni and Co could have a genotoxic effect. Recommendations: We recommend the use of personal protective equipments by the dental technicians, periodic measurement of serum metal levels, periodic chromosomal studies by bleomycin induction of breakage culture, adequate history taking of any gestational problems and reconsidering the TLVs for the air levels of these metals.
variability from the synergistic to the antagonistic effects. Elias et al., (1989) found increased blood and urinary level of chromium and nickel and increased gaps and breaks in chromosomes and chromatids in peripheral blood lymphocytes of welders. Ladon et al., (2004) detected increased blood level of chromium and cobalt and increased chromosomal translocations and aneuploidy in peripheral blood lymphocytes of people after using cobalt-chrome prosthesis metal-on-metal hip arthroplasty.
Aim of the Work
The aim of the present study is to evaluate the exposure and the genotoxic effects of the combined exposure to chromium, nickel and cobalt metals in dental laboratory technicians.
Subjects and Methods
The present study was conducted in 5 dental laboratories: a) Dental lab. of dental school, Cairo university. b) Dental lab. of dental school for boys, Alazhar university. c) Dental lab. of dental school for girls, Alazhar university. d) Alzahraa hospital dental lab. e) A private dental lab.
This study included two groups; an exposed and a control group. The exposed group consisted 30 healthy workers (24 males and 6 females) exposed to chromium, nickel and cobalt in the 5 dental laboratories, their mean age was 39.9 ± 11.58 years ranging from 25 to 59 years. Duration of exposure was 16.3 ± 9.77 years ranging from 5 to 33 years. The control group included 20 comparable healthy subjects (15 males and 5 females) randomly selected from the industrial medicine and occupational diseases outpatient clinic and nursing staff in Kasr ElAini hospital who were not exposed to chromium, nickel or cobalt, or had received ionizing radiation for medical purposes recently, taking into consideration matching of age, sex, socioeconomic status and smoking habits. Their mean age was 39.1 ± 11.63 years, ranging from 26 to 59 years.
Methods:
Both groups were subjected to the following:
1-Subjects were informed about the nature of the study, and subsequently consented to it.
2-Detailed history taking according to a previously prepared questionnaire about:Personal, occupational history use of personal protective equipments, present, past and family history, history of drug intake or radiation exposure. (the value of significance is <0.05). No statistically significant difference between the exposed and controls in the demographic characteristics.
Results
Table (2) The serum chromium, nickel and cobalt levels are higher among the exposed group and this difference is statistically significant. *: statistically significant There is a decrease in serum level of metals with use of PPE and this decrease is statistically significant with serum chromium and nickel levels. *: statistically significant. There is no statistically significant correlation between duration of exposure and serum metal levels. Males (24) Females (6) Smokers (11) Non smokers (19) Users (18) Non users (12) Table (8) There is increase of chromosomal breaks % with increasing age and duration of exposure but this increase is not statistically significant. Our study showed that there was highly statistically significant increase of serum level of chromium, nickel and cobalt among dental technicians as compared to controls, as shown in table (2) . Serum Cr., Ni. and Co. levels in exposed were 6.576±5.5017, 9.467±6.5885 and 5.9647±5.0067 µg/L respectively. These levels were higher than the reference values proposed by the American Conference of Governmental Industrial Hygienists (ACGIH) 1998. Similar results were obtained by Burgaz et al, 2002, who detected a statistically significant increase in the urinary level of chromium, nickel and cobalt in dental laboratory technicians more than controls in their study on 27 male dental laboratory technicians in 7 dental laboratories in the city of Ankara, Gazi University and 15 healthy control subjects.
Exposed workers were asked about the use of personal protective equipments and it was evident that 60% of them were using masks and gloves as shown in table (3) . The use of personal protective equipments led to the decrease in the serum levels of chromium, nickel and cobalt. This decrease was statistically significant in chromium and nickel levels. These results were matched with the results obtained by Jelmert et al., 1994 who detected a decrease in the serum level of chromium and nickel with the use of personal protective equipments in their study on 42 stainless steel welders.
Environmental studies of chromium, nickel and cobalt showed that the level of the 3 metals were within the 8h TWA putted by OSHA, 2006, and that nickel had the highest level. It was evident from the study of materials used by the technicians that nickel constitutes the highest percentage of the most commonly used alloy which is: wiron nickel chrome alloy (75% nickel and 25% chromium). (BEGO, Bremen, Germany).
Our study showed that there is poor correlation between serum and air levels of chromium and nickel but a statistically significant positive correlation between serum and air level of cobalt: table (4). This was not matched with the results obtained by Jelmert et al., 1994 , who found a positive correlation between chromium in air and in the serum of welders. When we asked the technicians we found that in their private work they use mostly the nickel chrome alloys not the cobalt chrome alloys, while in their official work they use the 3 metals, and as we were not able to measure the air levels of metals in the private labs in which they work except only one lab. due to the lack of cooperation; this could explain that the total exposure to Cr. and Ni. couldn't be fully assessed, while the total exposure to cobalt is fully assessed as it is only used in the official labs. in which we measured the air levels of the metals. When we correlate the serum level of chromium, nickel and cobalt and duration of exposure (table 5), we found that there was no statistically significant difference between duration of exposure and the serum levels of the three metals although all of them decreased after 20 years. This was matched with the results obtained by Jelmert et al., 1994, who detected that the blood level of chromium and nickel decreased with the increase in the duration of exposure on his study done on 42 welders of stainless steel in Norway. This was explained by that young workers had lack of experience and were working in less ventilated areas and that those with more experience work in larger laboratories and with better ventilation.
Our study showed that there was no statistically significant correlation between smoking habit or smoking index and the serum metal levels. These results were concomitant with the results obtained by Burgaz et al., 2002, who found that there was no effect of smoking on serum level of chromium, nickel and cobalt in dental laboratory technicians.
Several results indicate that, metallic chromium, chromium (III) and chromium (VI) could induce a variety of genetic and related effects in vitro, as reviewed by De Flora et al., 1990 . However, there are very few studies on the genotoxicity risk of dental technicians.
Exposure of dental technicians in this study to chromium, nickel and cobalt was assessed from serum and air levels. The concentrations of chromium, nickel and cobalt in the serum of technicians were significantly elevated, confirming occupational exposure to these metals and also serum levels were above the reference values which are <0.5 µg/L for the three metals (Lauwerys and Hoet, 1993 ; ACGIH, 1998).
Previous studies of workers exposed to chromium, nickel and cobalt using some In the present study, in the normal karyotyping there was no chromosomal aberration in peripheral blood lymphocytes of dental laboratory technicians, and after induction of breakage culture by using bleomycin as breakage inducer, they showed significantly higher levels of chromosomal breaks as compared to control subjects. (P. value = 0.001) as seen in table (6) . Non of the controls exceeded the 35% level of chromosomal breaks as shown in figure (4) and 11 of the exposed had breaks ≥35% as shown in figures (1-3) . Similar results were obtained by Burgaz et al., 2002, who found significant increase of micronucleated lymphocytes in laboratory dental technicians exposed to chromium, nickel and cobalt as compared to control subjects.
On studying the effect of sex on chromosol breaks, we found that there was no statistically significant difference on chromosomal breaks among the exposed group (table 7) . These results were in accordance with the results obtained by Knudsen et al., 1999 , who found no effect of sex on chromosomal aberrations on their study on bus drivers exposed to urban air pollution.
One of the most important findings in this study was that 4 out of the 6 females (about 66%) included in the study suffered from repeated abortions, still births and small sized fetuses and that they couldn't get pregnant except after a long vacation for at least 1 year. This was matched with the results obtained by Elbetieha and AlHamood 1997, who reported that exposure of male mice to 5000 ppm Cr III compounds for 12 weeks had adverse impacts on male fertility. The number of implanta-tion sites and viable fetuses were significantly reduced in females. The results of this study suggest the potential presence of reproductive hazards due to exposure to these metals.
Nickel is associated with an increase in perinatal mortality and growth retardation in offspring of rats exposed to nickel in drinking water (Smith et al., 1993 ). An in- The use of personal protective equipments decreased the mean value of chromosomal breaks when we compared the users with the non users but not to a statistically significant level as shown in table (7) . Also as we mentioned before that the use of personal protective equipments decreased much the serum levels of metals (table 3) . These results were matched with the results obtained by Jelmert et al., 1994 , who found on his study among 42 stainless steel welders that the use of personal protective equipments significantly decreased the chromosomal aberrations.
There was no statistically significant effect of age on the chromosomal breaks as shown in tables (8, 9) . This was concomitant with the results obtained by Burgaz et al., 2002 , who found no effect of age on the MN frequency in lymphocytes and nasal mucosa cells of laboratory dental technicians.
This study showed an increase in the frequency of chromosomal aberrations with the increase in the duration of exposure but this increase was not statistically significant as shown in tables (8, 9) . This was also matching with the results obtained by Elias et al., 1989 , who found no statistically significant correlation between duration of exposure and chromosomal aberrations among welders. (Holland et al., 1998) and also inorganic particles such as silica (Ding et al., 2000) might modify the genotoxic effects observed in our study.
Conclusion And Recommendations
From the present study, we conclude that dental laboratory technicians had statistically significantly higher percentage of chromosomal breaks with bleomycin induction than controls.
The serum levels of Cr, Ni and Co were statistically significantly higher among dental laboratory technicians when compared to the controls.
There was a statistically significant positive correlation between serum chromium level and frequency of chromosomal breaks.
The use of personal protective equipments decreased the serum levels of chromium, nickel & cobalt and this decrease was statistically significant in chromium and nickel.
The study showed that 4 of the 6 exposed females (about 66%) included in the study suffered from repeated abortions, still births and small sized fetuses and that they couldn't get pregnant except after a long vacation for at least 1 year. This indicates that Cr, Ni and Co could have a genotoxic effect.
From the present study we recommend the following:
1-Environmental monitoring is highly recommended in dental laboratories to ensure that permissible levels of different hazardous agents are not exceeded. 
